Aims-To describe the pattern of hypothermia and cold stress after delivery among a normal neonatal population in Nepal; to provide practical advice for improving thermal care in a resource limited maternity hospital. Methods-The principal government funded maternity hospital in Kathmandu, Nepal, with an annual delivery rate of 15 000 (constituting 400/o of all Kathmandu Valley deliveries), severe resource limitations (annual budget £250 000), and a cold winter climate provided the setting. Thirty five healthy term neonates not requiring special care were enrolled for study within 90 minutes ofbirth. Continuous ambulatory temperature monitoring, using microthermistor skin probes for forehead and axilla, a flexible rectal probe, and a black ball probe placed next to the infant for ambient temperature, was carried out. All probes were connected to a compact battery powered Squirrel Memory Logger, giving a temperature reading to 0.2°C at five minute intervals for 24 hours. Severity and duration of hypothermia, using cutoff values of core temperature less than 36°C, 34°C, and 32°C; and cold stress, using cutoff values of skin-core (forehead-axilla) temperature difference greater than 3°C and 4°C
Results-Twenty four hour mean ambient temperatures were generally lower than the WHO recommended level of 25°C (median 22.3°C, range 15.1-27.5°C). Postnatal hypothermia was prolonged, with axillary core temperatures only reaching 36°C after a mean of 6.4 hours (range 0 -21.1; SD 4.6).There was persistent and increasing cold stress over the first 24 hours with the core-skin (axi11ary-forehead) temperature gap exceeding 3°C for more than half of the first 24 hours. Conclusions-Continuous ambulatory recording identifies weak links in the "warm chain" for neonates. The severity and duration of thermal problems was greater than expected even in a hospital setting where some of the WHO recommendations had already been implemented. Neonatal hypothermia is a common problem in many developing countries including Nepal.`' It is associated with an increased risk ofmortality in a hospital setting in a developing country,4 and also with an increased risk of morbidity such as hypoglycaemia, apnoea, and acidosis. Thermal control of neonates is currently being incorporated into the World Health Organisation (WHO) Safer Motherhood Programme,5 and is an important element of the Baby Friendly Hospital initiative led by the United Nations Children's Fund (UNICEF).
Previous studies of neonatal temperature control and the epidemiology of hypothermia in developing countries have relied on discrete measurements taken from single sites over wide time intervals. The act of measurement may disturb the behavioural and thermal status of the infant, and single measurements make no estimate of the duration of hypothermia experienced by infants.
In this paper we describe continuous ambulatory multiple site temperature monitoring over the first 24 hours of life, in a series of term babies undergoing routine postnatal care in a hospital setting in Nepal. The aims of the study were to evaluate the feasibility of ambulatory monitoring of neonatal temperature in such a setting, and to describe the pattern of hypothermia after delivery and cold stress among the normal neonatal population.
Methods
The study was Because an earlier pilot study found the rectal probe prone to slippage, axillary readings were selected as our gold standard of core temperature. In two cases the software malfunctioned, in two cases data were lost during downloading, and in a further eight cases there was intermittent poor contact of the axillary thermistor. Thus continuous core and ambient temperature readings were available for 35 babies. Of these, the forehead skin probe had significant loss of contact in 15 babies for parts of the 24 hour period. Therefore, complete 24 hour records of core-skin temperature differences were available for 20 babies. In 19 of the 35 babies significant rectal probe contact loss occurred, confirming our pilot study findings.
HYPOTHERMIA AND COLD STRESS
The World Health Organisation classifies a core temperature of 32-36°C as moderate hypothermia, and below 32°C as severe hypothermia.5 Data on the duration of hypoth--Ambient --Skin Axilla -------Skin core core < 36 for 96% core < 36 for 100% first 8 hours second 8 hours ermia are presented using cutoffs of 36°C, 34WC, and 32GC. Cold stress may occur below the lower critical temperature-that is, the ambient temperature below which the rate of metabolic heat production of a resting thermoregulating subject increases by shivering and/or nonshivering thermogenic processes to maintain thermal balance.6 Early studies of the thermoneutral zone indicated that cold stress begins when mean skin temperature is lowered to 35-36°C. The Servo control of modern incubators is based on an abdominal temperature of about 36.5°C with a relative humidity of 50%.
To estimate the normal core-skin temperature difference (using axillary and forehead readings), four healthy term infants staying on the special care baby unit (usually after caesarean section) and nursed in open cots in ambient temperatures above 25°C were studied. Eighteen periods of 120 minutes of continuous recording were analysed. The mean core-skin temperature difference was 2.9°C (2.6-3.4, 95% confidence interval). Although these infants were warm, even they were not in strictly thermoneutral conditions. From this evidence cutoff temperature difference values of > 3YC and > 4°C were chosen to present data on the duration of cold stress.
Data were downloaded from the data logger to a portable IBM computer, initially analysed using Squirrelwise Software, and transferred for further analysis using Statview Table 3 presents data on the duration of different levels of severity of hypothermia (low axillary temperature) and cold stress (axillaryforehead temperature difference) for each of the first three 8 hour periods after birth.
The mean percentage of time spent at a core temperature below 36°C fell from 72% during the first 8 hours to 31% and 15% in the second and third 8 hour periods. In contrast, axillaryforehead temperature differences tended to widen over the 24 hour period. In 20 infants for whom complete data sets were available the temperature gap exceeded 3°C for 46%, 50%, and 60%, respectively, of the time in the first three 8 hour periods after birth. The same infants spent 14 Continuous rectal temperature monitoring was notably less successful than axillary monitoring as a measure of core temperature, but previous studies have shown that axillary temperatures are reliable estimates of core temperature in neonates. 8 We have confirmed these findings by showing no significant difference between rectal and axillary temperature values on the data logger if the rectal probe is inserted at least 5 cm. At 3 cm or less the rectal temperature value was up to 0.5°C lower than the axillary value.
Previous studies using single measures of temperature have shown a high incidence of neonatal hypothermia in similar settings, but our research method yields important information on the underlying patterns of hypothermia in the neonatal period. We found most infants over the winter months were moderately hypothermic according to WHO criteria (32-36°C)5 for much of the first 8 hours of life.Yet all of the babies studied had recovered to 36°C before 24 hours had elapsed. This represents an improvement since the observational study performed by Johanson et al ' at the same hospital five years ago when 49% of babies were still moderately hypothermic at 24 hours of age in the cold season. Since then, training of staff has emphasised early drying and wrapping, and early breastfeeding, as essential elements of the "warm chain." Our study suggests the intervention has been both effective and sustained if we take the achievement of a core temperature of 36°C by 24 hours as the desired endpoint.
Examination of the subjects' 24 hour records, however, shows a weak link in our "warm chain." In the example shown (fig 1) early drying and wrapping in conjunction with temporary placement beneath an overhead radiant heater did indeed minimise early temperature loss. But as the infant was transferred to the postnatal ward a substantial increase in core-skin temperature gap occurred with an associated drop in core temperature.
This represented an avoidable additional cold stress on the infant and prolonged the time taken for core temperature to recover to 36°C. In the light of these findings the hospital plans to test whether infants should be in skin to skin contact within the draught protection of mother's gown ("kangarooed") during the vulnerable period of transfer to the ward.
Once core temperature had recovered to 36°C, most infants showed a continuing wide core-skin difference, that persisted throughout the first 24 hours. We believe this indicates continuing cold stress. Other possible explanations for core-skin differences include local vasoconstriction on the forehead when exposed to cold air, or a contraction in circulating blood volume, perhaps as a result of early cord clamping. One advantage of selecting the forehead as a site for skin temperature measurement is that vasomotor nerves exert only a slight effect on the forehead, and there is practically no vasoconstriction in response to cold stress.9 Local vasoconstriction therefore seems to be an unlikely explanation. 26-281C.'5 They demonstrated the sensitivity of skin temperature assessment by experienced observers using touch alone to detect both early cold stress and hypothermia. Our findings suggest that cold stress is much more common at lower ambient temperatures, and staff training in "touch assessment" may be
